Abstract: This work operationalizes the determinants of climate change risk, exposure and vulnerability, through the perceptions held by Native hunters, fishers, and gatherers in Savoonga and Shaktoolik, Alaska. Informed by their skill, experience, and the traditional knowledge of their elders, hunters, fishers, and gatherers in these communities are astute observers of their environment and environmental change. A questionnaire is used to sort and rank their perceptions of the most obvious and disruptive elements of climate change as representations of exposure and vulnerability, respectively. Results represent the relative strength and significance of those perceptions of environmental change. In addition to other changes, storms are among the most obvious and disruptive impacts of climate change to respondents in both communities, while changes to sea ice tend to be more disruptive in Savoonga, a more ice-obligate culture, than Shaktoolik. Changes on the tundra are more obvious in Shaktoolik, but is the least disruptive category of change in both villages. Changes along the coast were both obvious and disruptive, albeit more so in Shaktoolik than Savoonga. The findings suggest that traditional ecological knowledge is a valuable source of information to access perceptions of risk, and develop climate risk management and adaptation plans. The questionnaire design and statistical methodology may be of interest to those working on community-based adaptation and risk assessment projects in high-risk, poor, and marginalized Native communities with small populations.
Introduction
Climate change is more pronounced in the Arctic than any other region, warming at twice the rate as the rest of the planet [1] . As a result, dramatic and sustained ecosystem change in the Pacific Arctic is being called the "new normal" [2] to contend with for decision makers and residents of this region. We cannot assume, however, all elements of climate change in this rapidly changing region are obvious and/or disruptive to its residents. Climate change risks are experienced unequally and are often location-specific [3] and indigenous communities in Alaska are particularly vulnerable [4] . It is therefore instructive for decision makers working on climate change adaptation to determine the perceptions of risk held by indigenous people living in this rapidly transforming region. It is also important to identify the particular adaptation needs of indigenous peoples and to assess climate change risk from their perspective.
Representing established terminology and interpretation of risk assessment, the Intergovernmental Panel on Climate Change (IPCC) finds that a location's determinants of risk are exposure and vulnerability [3] . Assuming all climatic changes are not equally hazardous, the terms "obvious" and "disruptive" are used to disaggregate the physical events to which villagers in Savoonga and Shaktoolik, Alaska are exposed and vulnerable in order to assess the relative risk of those physical events. Employing the terms obvious and disruptive for risk assessment also enables testing and quantitative verification of the relative confidence residents in these villages have in their observations of climatic change and to determine the relative risk those changes pose to the villages. This approach to risk analysis is grounded in the rich traditional ecological knowledge (TEK) held by hunters, fishers, and gatherers in these two villages.
TEK of Climate Change
While there is no universally accepted or entirely satisfying definition of TEK, it can generally be thought of as intergenerational knowledge that is drawn from interacting with the land. It is knowledge gained from a close experience with the surrounding environment [5, 6] and social interaction with a locality [7] . TEK is usually transmitted orally [8] . However, TEK is more than a body of accumulated knowledge; it is an expression of a spiritual connection to the land [9] , and is bound in the ethics of how to live in a relationship with nature [10] . TEK holders possess a personal frame of reference to assess change [11, 12] that is contextual and not necessarily focused on cause-and-effect relationships [13] [14] [15] . TEK observations are not isolated accounts of change; they are coupled with and interpreted by what is important to the holders of this knowledge, such as tradition, sustenance, and security of person [14] . Their knowledge does not necessarily mirror the epistemology and timeframe of climate science [16] , but the two forms of knowledge largely corroborate when it comes to identifying climatic changes in the Bering Sea area of western Alaska [17] .
There is increased recognition of the value of TEK for environmental research [5, 16, 18] and climate change research [1, 19, 20] , including how TEK can improve climate change adaptation [1, 3, 9] , and disaster preparedness and resilience [21] . TEK can be useful in identifying change at the local level and evaluating the significance of that change in the Arctic [5, 22, 23] and elsewhere [24] . Combining TEK and science co-produces knowledge and learning [25] and/or TEK can augment science [26] , especially if the two are integrated [23] and understood as a complex, collaborative process [27] [28] [29] . Additionally, communities of TEK holders may offer models of how to adapt to climate change and alternative lifestyles [12] , and may be as important for adaptation as climate science [24] . Therefore, many scholars have maintained for over a decade that TEK knowledge should be used in adaptation planning [20, 26, 30] , especially for understanding local or regional impacts [31, 32] . This work, however, must be done with the free, prior, and informed consent of the TEK holders and respective governing bodies, and with a full understanding that some knowledge is proprietary or comes with obligations when shared [9] .
While TEK can and should be included in adaptation planning and risk assessment, a key question to be addressed is how best to include TEK in to these activities, especially in Native communities with small populations who may be reticent or unwilling to participate in academic investigations? One possible approach employed here is to sort and rank qualitative contextual information with quantitative questionnaire data. Combining the two approaches "scrutinize[s] traditional knowledge and its sources more carefully" [16] (p. 183). Ranking perceptions with the terms obvious and disruptive is used to verify the relative strength of those perceptions. Other scholars have found it "difficult or impossible" to assess the uncertainty of TEK [5] (p. 19) or that comparison of the two knowledge systems may reveal "irreconcilable differences" [33] (p. 270). While scholars should not assume homogeneity between TEK and science knowledge [24] , TEK and science are not necessarily separate epistemologies, philosophies, or metaphysics [13] and can be combined to co-produce knowledge [25] if the survey allows it (see Methods below). Stemming from this grounding in TEK, two lines of inquiry and practice are used to investigate the perceptions of risk in Savoonga and Shaktoolik: community-based adaptation (CBA) and risk assessment.
Community-Based Adaptation
To its practitioners, CBA seeks to empower high-risk, poor, and marginalized communities that have contributed the least to climate change to plan for its impacts [34] [35] [36] . The IPCC concludes that the intent of CBA is "to foster active participation in collecting information that is rooted in the communities and enables affected people to participate in their own assessment of risk and identify responses that can enhance resilience by strengthening social-institutional measures including social relations" [3] (p. 321). In other words, CBA directly allows at risk people being affected by climate change to communicate how they perceive its risks and to determine adaptation practices [37] . While CBA focuses on the local context of climate change [3] , it is also a political statement of the necessity, and value, of including community voices in their own development efforts [37] . An underlying assumption with CBA initiatives is that people know their local risks and vulnerabilities better than non-locals; in this case, residents of Savoonga and Shaktoolik are capable of determining what climatic changes are more obvious and disruptive to them than others. At the same time CBA recognizes that broader scaled knowledge, such as regional climate modeling, is also needed to get a full picture of vulnerabilities and risks [37] . For greater impact, CBA initiatives should be scaled-up and communicated to decision makers, and scaled-out by expanding to larger regions [34] .
In addition, CBA is consistent with community-based disaster preparedness to form local coping and adaptation measures and to target root causes of vulnerability [38] . Since CBA engages the community in assessing hazards and vulnerabilities, and the community's capacity to adapt to these changes, CBA approaches are effective at assessing community risk [39] .
CBA initiatives, however, have challenges: they are time, resource, and labor intensive [37, 39] ; local perspectives may not be taken seriously by decision makers and/or their perspectives may be distorted [38] ; and it may be difficult to identify who speaks for the community and account for marginalized individuals in those communities [34] . A key challenge is that CBA initiatives are hard to scale up, to replicate, and transfer to other locations or broader regions [37, 40] . In particular, with CBA initiatives, it has been hard to scale up qualitative findings [39] .
Risk Assessment
Climate risk management, the incorporation of climate change information into decision making to reduce climate change risks [41] , is an emerging field that begins with assessment of risk. Mercer et al. [6] develop a four-step process "for integrating indigenous and scientific knowledge" for risk reduction-community engagement, identification of vulnerabilities, identifying indigenous and scientific strategies for risk reduction, and developing an integrated strategy. Their second, identification of vulnerabilities, is the focus of this article.
Since scientific knowledge of climate change tends to be generalized, local knowledge is more effective in identifying particular risks, exposure, and vulnerability to climate change [42] . As explained above, TEK is an especially rich source of local knowledge that incorporates multigenerational knowledge, cultural structures for that knowledge, and spiritual components. Similarly, it must be recognized that perceptions of risk to climate change are not simply a reaction to being exposed to changes, but assessment of the disruptive capacity those changes pose to an individual in their particular cultural setting [15] and, more broadly, informed by a people's cultural-political history of "shared experiences, identity, values, and way of life" [43] (p. 56). The perception of climatic changes, therefore, is a useful starting point in a risk assessment process.
Extreme heat waves and floods receive the most public attention [44] , and glacier or polar ice melt, unusual weather, and temperature changes are the three primary physical changes that lead people to believe that climate change is happening [45] . These changes have been documented in the Arctic [46, 47] and in Alaska [48, 49] . Due to these dramatic changes, Hansen et al. [50] surmise that climate change should have been obvious in Alaska in the late 1990s. That timeframe coincides with the awareness of climate changes documented for this article. For TEK holders, it should be noted, the perceptions of risk posed by climate change are not just physical changes, such as sea level rise and increased drought, but they are they are part of a more complex notion of self and "lifeworlds" [43] .
In addition to being exposed to climatic changes, risk assessments require a determination of the susceptibility to be negatively impacted [3] . The concept disruptive is employed here to determine negative impact. Disruptive climate change in the Arctic is wide ranging. Climate change impacts to the cryosphere in the Arctic and its impact on flooding and erosion in coastal areas are well established [3] . Arctic indigenous residents are resilient, but their adaptive capacities are being challenged by the dramatic change and pace of change in that region [8, 51, 52] , changes perhaps as challenging as colonialism [53] to their ability to flourish and maintain their cultures, or what Whyte [54] calls their collective continuance. Communities practicing subsistence fishing and hunting are particularly impacted by climate change [55] . The latest IPCC assessment of climate change literature posits that the impacts of climate change on particularly rural and isolated indigenous peoples in the Arctic is significant and is expected to increase due to their exposure to climatic changes and vulnerabilities such as poverty, health services, and livelihoods that are closely linked to their environments [1] . There is "high confidence," they conclude, that climate change increasingly threatens traditional indigenous livelihoods in the Arctic [1] (p. 1583). Climatic changes in the Arctic are now serious enough to prompt governing bodies in the Arctic to ask scholars and scientists to identify thresholds of possible irreversible regime shifts [56] .
In Alaska, sea and land-based ice is melting rapidly; temperatures are rising sharply; and drought, wildfires, and insect outbreaks are more common, all of which significantly impact Native communities there even with their long cultural experience of adapting to environmental change [49] . In Himes-Cornell and Kasperski's [55] index of climate change vulnerability in Alaska, of the three elements they use (exposure to climate change hazards, dependency on natural resources, and adaptive capacity), they identify exposure as the most critical element in determining vulnerability. The two communities in this study both score "highly exposed" and "highly dependent on natural resources" in their analysis of 315 Alaskan communities. The adaptive capacity of Savoonga is also rated high risk mainly due to their minimal commercial opportunities and per capita wealth, and they rate Shaktoolik's adaptive capacity as moderate based on the same criteria. (The resilience of these villages, however, is not solely a function of financial capacity. A strong subsistence culture and well-developed hunting, fishing, and gathering skills coupled with well-established kinship networks should also be factored in to adaptive capacities). Elsewhere, Shaktoolik has been identified by government agencies at the federal level [57, 58] and state level [59] as a high risk, imminently threatened village to climate change. Additional detail on the two communities is now given before a description of methods and results.
Experimental Section

Study Sites
This study is part of the ongoing Alaskans Sharing Indigenous Knowledge (AKSIK) project that since 2009 documents the impacts of climate change in Savoonga on St. Lawrence Island and Shaktoolik on the eastern shore of the Norton Sound ( Figure 1 ). AKSIK is a science and advocacy project working solely in these two villages and communicates its findings via its website (http://AKSIK.org) mainly through the use of videos and short documentary films. Of upmost importance are the Village Coordinators who are Native residents in both villages who have a permanent presence in the community and serve as liaisons between investigators and the communities. AKSIK follows the ethic of free, prior, and informed consent established by the United Nations Declaration on the Rights of Indigenous Peoples [60] . Its work is carried out in consultation with and with the consent of the tribal councils, the governing body of the tribe in both villages established with the Indian Reorganization Act of 1934. AKSIK investigators have met with tribal and city boards, held community meetings, and met with individuals since 2010, and continue to return to the villages. Frequent visits help build trust, reaffirm commitment, and offer sequential encounters with TEK holders there to make sure information is correctly documented. Both villages are rich in traditional ecological knowledge (TEK). As in other Native communities in the Arctic [15] and around the world [8] , subsistence hunting, fishing, and gathering are widely practiced by residents of both villages, and to a large degree determine their identity and culture. Residents of these two villages practice subsistence activities throughout the year [17] , bringing them in close contact with their environment. Both communities are what Fall et al. [61] call "a mixed subsistence/cash economy" (p. 274), consuming traditional foods harvested from the land and market commodities such as gasoline, canned and box foods, and snow machines.
The Native Village of Savoonga is a federally recognized indigenous tribe. This Siberian Yupik village has 94% of its population of 671 identifying themselves as Alaska Native [62] . Savoonga's subsistence culture is drawn from hunting bowhead whales (Balaena mysticetus), walrus (Odobenus rosmarus), and seals, and gathering murre (Uria aalge) eggs, various tundra greens, and salmon berries (Rubus spectabilis) [17] . Increasingly, residents fish commercially for halibut (Hippoglossus stenolepis) through the Norton Sound Economic Development Corporation and manage a reindeer (Rangifer tarandus) herd on the east side of the island for commercial sale.
The Native Village of Shaktoolik is also a federally recognized indigenous tribe with 96% of its 251 residents identifying themselves as Alaska Native [62] . The culture of Shaktoolik is greatly drawn from its subsistence activities such as hunting for caribou (Rangifer tarandus), seals, and waterfowl, fishing for trout and Arctic grayling (Thymallus arcticus), and gathering sea peaches (Halocynthia aurantium), Alaska wild rhubarb (Polygonum alaskanum), blueberries (Vaccinium corymbosum), and blackberries (Rubus fruticosus) [17] . Through the Norton Sound Economic Development Corporation, Shaktoolik residents fish commercially for Alaska pollock (Theragra chalcogramma) and Pacific herring (Clupea pallasii), and harvest red king crab (Paralithodes camtschaticus).
These activities make residents of Savoonga and Shaktoolik astute observers of environmental change with hunters, fishers, and gatherers spending a great deal of time in the field, watching the weather, preparing to go out, and processing the foods they harvest. In order to be successful, and to remain safe in hazardous Arctic conditions, these activities require close observation of the physical environment, surrounding ecological systems, and biological organisms. Subsistence cultures and villages like Savoonga and Shaktoolik endure because of their abundant knowledge of their local environment, and are aided by strong traditions of elders passing on traditional knowledge, and by strong ties to clans and their networks of sharing resources and catch.
Methods
Consistent with the IPCC's assessment that qualitative and quantitative assessments are needed to "capture the full complexity" of climate change risk assessment [3] (p. 67) and informed by the lines of inquiry outlined above, a questionnaire, and follow-up communication with respondents is used, to gather, sort, and rank qualitative information to assess climate change risk in Savoonga and Shaktoolik. To determine exposure, residents were asked in both communities to identify which elements of climate change are most obvious. The term "obvious" identifies the degree to which respondents experience and perceive climatic changes in order to ascertain what elements of change affect them in their location, as opposed to commenting on climatic changes in general. Vulnerability is determined by asking them about which of those same elements are the most disruptive, that is, what elements most negatively interfere with their lives and livelihoods. The questionnaire (see Supplemental Material) was built from previous AKSIK work published in Ignatowski and Rosales [17] where, based on interviews in 2010 and 2011, elements of climate change witnessed over the last 20 years in Savoonga and Shaktoolik are identified. The questionnaire was administered to 14 residents of Savoonga and Shaktoolik in 2012. Respondents were asked to respond to questions in five broad categories-changes along the coast, to the weather, sea ice, storms, and on the tundra (see Supplemental Material). The pool of respondents to draw from was limited by the small population sizes in the villages, time constraints (questionnaire session lasted up to 1.5 h), and willingness to participate. AKSIK Village Coordinators selected seven willing respondents from each village for their knowledge of environmental change, experience observing environmental conditions, and/or perceived role as elders. These conditions put significant constraints on the pool of qualified respondents. In Shaktoolik, for example, there are only 59 residents over the age of 45 [63] who may be considered an elder, perhaps half of those who had extensive TEK, and even fewer who would make the time and be willing to participate in an unfamiliar activity such as answering a questionnaire and being recorded.
On average, the respondents in Shaktoolik were 53 years old (range 36-62 years), while the respondents in Savoonga had an average age of 62 years (range 47-79 years). The respondents from Shaktoolik included four males and three females, while all respondents from Savoonga were male; women in Savoonga were unwilling to participate yielding to male hunters as authorities on environmental change. Because of the small sample sizes, inferential statistical methods were not used; a descriptive analysis of the questionnaire results is presented instead.
Consent to publish the results of this work was granted by the Tribal Council of Savoonga in 2013 and Shaktoolik in 2014, and conversations with our Village Coordinators continued throughout 2015 to construct the context of our results (see Results below).
Obvious Changes
Respondents held a modified hemming tool used for sewing, a device familiar to them (Figure 2) , to rank each question from 0 to 10 as the elements of climate change were read to them. Respondents were given an example of whether it was obvious that it was raining outside or not in order to understand the scale: 10 means yes they could see it is raining and 0 means no it is not raining. Questionnaire sessions were audio recorded as respondents were also asked to "think out loud" in order to understand the context and specific explanations of their responses. This qualitative information was retained in digital format, pegged to each question. Occasional responses are missing for some elements of climate change where respondents chose not to answer. Missing responses were infrequent (six questions are missing from a single response, and one question is missing from two responses) and can be interpreted as instances where the respondent did not feel they had enough knowledge to rate the obviousness of a particular element of climate change; for example, someone who does not frequently travel across sea ice may not feel knowledgeable enough to rate types of change related to sea ice.
Respondent rankings were classified as "Least," "Moderate," or "Most" obvious to determine the relative strength of their perceptions. Converting the raw rankings to categorical classifications is problematic because the ratings assigned by an individual are shaped by that individual's experiences and frame of reference. For example, an "8" to one individual may be a "5" to someone else. In other words, rankings within an individual are comparable, but ranking across individuals are not. Thus, to determine the categorical classifications, differences due to individuals were first taken into account. This was done by determining the average rating given by each individual and then subtracting their average rating from each of their ratings to create scores centered around zero for each individual. The centered scores thus represent how the obviousness of a particular element of change differs from the "average obviousness" of each respondent; positive values indicate elements that are more obvious than the average element, while negative values correspond to elements that are less obvious than the average. The centered rankings across all individuals and categories were then combined together and divided into thirds, with the lowest third of centered ratings (those below −0.111) being classified as least obvious, the middle third being classified as moderately obvious, and the highest third (those above 0.786) being classified as most obvious. It should be noted that elements of change classified as "least" obvious are not necessarily non-obvious; they are simply, relatively speaking, less obvious to the respondent than other elements of change.
Disruptive Changes
After completing the ranking exercise for obvious climate change, respondents in each village were given chips with the broad categories of change (weather, seasons, storms, sea ice melt, sea ice types, rain, winds, coastline, erosion, tundra, and permafrost) printed on them and asked to place the chips in three groups, "High," "Medium," and "Low," pertaining to how disruptive those changes have been to them. Rain again was used as an example to get used to the exercise, this time asking respondents to rank how more rain in the winter disrupts their lives.
As above, to reduce the number of categories considered in the analysis, categories were combined into those pertaining to the coast, ice, storms, tundra, or weather. Once the ranking had been achieved, respondents were asked to comment on the changes they ranked "High." Specifically, they were asked the following questions: How do these affect you being able to provide for your family? How do these affect sharing of resources? How do these affect the role of elders in the village? How do these affect young people in the village? Finally, are there any benefits to these changes? As before, their responses were audio recorded and digitally pegged to the questions. The statistical software R [64] and its vcd (Visualizing Categorical Data) package [65] were used to create mosaic plots to summarize results (Figure 3 ). Figure 3a summarizes the questionnaire results, regarding the obviousness of elements of change, for the seven respondents from Shaktoolik. Changes in storms tended to be most obvious to the respondents from Shaktoolik, with more than 80% of the responses pertaining to storms classified as highly obvious, followed by coastal changes, with more than 50% of the responses related to storms rated as highly obvious. Changes in weather tend to be moderately obvious more often than any other category (roughly 1/3 were classified as moderate), while changes in ice tend to be least obvious in Shaktoolik, with about 50% of responses classified as low in obviousness. The questionnaire results on elements of change considered disruptive to respondents in Shaktoolik are summarized in Figure 3b . Changes in storms tended to be most disruptive, with all individuals rating them as most disruptive. Changes in the tundra tend to be least disruptive, with no individuals rating them as highly disruptive. Changes to both coast and weather tended to be more disruptive than not, with less than 20% of the responses for each classified as least disruptive.
Results
Ratings of Climatic Change Categories
It is clear that changes that are obvious to the respondents in Shaktoolik are not necessarily disruptive (Figure 3a compared to Figure 3b ). Changes in storms were rated as most obvious and most disruptive with coastal changes ranked as the second highest in both obviousness and disruptiveness. After that, the order of the categories changes, with changes to the tundra being somewhat highly obvious, but no one considered those changes to be highly disruptive. Figure 3c summarizes the responses on the obvious of the elements of change for the seven respondents from Savoonga. Changes in ice and coastal changes tend to be most obvious at similar rates, with nearly 30% of the responses for each classified as highly obvious, but the latter tend to be more moderately obvious, with fewer low obviousness ratings (only about 10%), than any other change category. Changes in weather and tundra tend to be least obvious of all categories in Savoonga, with nearly 50% of responses on related elements being low in obviousness.
Finally, Savoonga respondents consistently rated changes related to storms as disruptive (Figure 3d ). Changes related to ice, weather, and tundra tended to be more disruptive than not, with only a small percentage of responses in these areas classified as "least" disruptive; the majority of responses pertaining to ice were classified as highly disruptive, about half of the responses related to weather were rated as highly disruptive, and the majority of the changes impacting the tundra were rated as moderately disruptive. The ratings about the disruptiveness of changes impacting the coast were fairly evenly split between the three levels. As seen in the responses from Shaktoolik, the changes that were rated as most obvious in Savoonga were not necessarily the rated as the most disruptive.
Description of Sorted Categories
Guided by the sorting and ranking of quantitative questionnaire data, qualitative information from the questionnaire sessions provides context for the categories discussed above.
Storms
It is obvious to TEK holders in both villages that storms have changed over the last 20 years, in fact the more intense storms have, as one respondent from Shaktoolik put it, "Increased awareness of change in general." This commonality between the two villages is not surprising since the large fall storms encompass the entire Bering Sea region and these two villages are only 280 miles apart. In particular, an increase in storm intensity is highly obvious in Shaktoolik and moderately obvious in Savoonga, but in both villages larger fall storms are increasingly disruptive to their lives.
It is more obvious in Shaktoolik, in particular, than in Savoonga that people are scared of the large fall storms. This is consistent with various federal and state level investigations that find Shaktoolik particularly vulnerable to flooding and erosion that accompanies large storms [57, 66, 67] . The village is located on the coast on a narrow spit about 7.5 m above the average lower low water tidal heights [68] . Storm surges from recent large fall storms in 2005, 2009, 2011, and 2013 have increasingly neared the village, explaining why they state that storms are stronger. The November 2011 storm produced peak storm surges of over 7.5 m in the area [66] . The large storm in November 2013 drove driftwood into village buildings. When coinciding with high tide, the entire outwash plain on the opposite side of the spit fills with water during the storms, flooding infrastructure and nearing the houses. There is no evacuation road or means, by boat or airplane, to evacuate people during these storms. People are now scared that the crashing waves, littered with large driftwood, will destroy their homes and submerge the village. The village has decided to do all they can in the absence of state and federal funding. The village is doing CBA; they identified a need and developed a response [3] . Tribal and city government along with the Native Corporation coordinated in 2014 to construct a protective berm in front of the village to guard against storm surge. Piecing grant money together, the village managed to secure two aging dump trucks to haul gravel from a source roughly four kilometers down the coast to cover and back fill the berm (Figure 4a ). The village used any possible material, including derelict front-end loaders that might hold back the water (Figure 4b ). Whether the berm will hold or not is not known. One respondent said, "People are calling [the berm] a beaver dam" because of the driftwood underneath. This person then added, "but beaver dams are durable and they work." While increased storm intensity is moderately obvious in Savoonga the storms are also disruptive to the residents there. While storm surge is not as critical a threat in Savoonga, which is situated higher above sea level and less exposed, respondents there also mentioned that they are scared of the fall storms, especially the impact of high winds. The same large storms that hit Shaktoolik also disrupted fall hunts in Savoonga, knocked out power, high winds travelled down exhaust pipes blowing out oil heaters, damaged houses, and caused fear with flying debris amongst the 160 km/h winds.
Ice
A category of change that shows diverging perceptions between the two villages is ice. Changes to the sea ice around Savoonga are more obvious and disruptive than in Shaktoolik; one Savoonga respondent acknowledged, "We are sea-ice dependent." Respondents in Savoonga explained that the sea ice goes out earlier and more quickly in the spring now than it did 20 years ago. Since much of the diet in Savoonga is derived from walrus and seals, finding the edge of the sea ice where these mammals exit the water is crucial to hunting success. An earlier spring break up of sea ice increasingly overlaps with their whaling season, which is done on the south side of the island, and hunters expressed concern over being able to return to the north side in time to go walrus hunting. There used to be a month or so in April of good hunting but now it is a matter of days for both whales and walrus. With sea ice retreating faster, hunters in Savoonga also expressed their difficulty in finding it and having to travel out over 160 km from the village to find the sea ice. One respondent said, "Polar bears are also having a hard time finding the ice" and are increasingly seen stranded on the island. An adaptation measure they have taken is that hunters now use satellite technology to connect to the National Weather Service to help locate ice flows. When combined with their TEK, the scientific instrumental data results in an adaptation risk reduction strategy in Savoonga, as suggested in Mercer et al. [6] . This technique, however, bypasses the traditional sources of knowledge of the elders leaving them wondering about their usefulness. However, even with technological assistance, hunters are adapting by fishing for halibut to supplement their diets and income with the establishment of a modest commercial fishing processing plant.
Hunters also express concern over their safety, fuel costs, and how they increasingly are leaving children at home so that they can focus on successful hunts with the fewer and fewer hunting forays. One respondent said, "They now go out at their own risk… Hunting is less safe [now] ." Respondents also explained that the sea ice is not as thick and old as it used to be as one respondent said, "We don't see that multi-year ice anymore." Thick shorefast ice, for example, is needed to access game and support the weight of large marine mammals. It is increasingly difficult, for example, for whalers in Savoonga to haul out large bowhead whales (Balaena mysticetus) that can weigh over 40 tons on thinner ice. As a result, they are now going after smaller whales. Some residents of Savoonga are also turning to reindeer (Rangifer tarandus) meat to sell wholesale and within the village, and adding Pacific halibut (Hippoglossus stenolepis) to their diet to supplement the decline in marine mammals. Less preferred seal meat (ringed, spotted, and ribbon seals), common murre (Uria aalge) meat, and fish like Dolly Varden trout (Salvelinus malma) are now supplementing their diet as well.
Coast
Changes to the coastline are obvious in both locations. Of particular concern with erosion in Shaktoolik is their village freshwater source. Shaktoolik pumps water to the village municipal water system from about two kilometers down the coast where the Shaktoolik River starts to bend away from the coast, a place called First Bend. The coast has been eroding significantly there leaving less land between their freshwater source and the ocean. Residents often go out to First Bend to pace off the distance between the ocean and the river. The distance is now 25 paces, as several respondents mentioned, and respondents told us they remember when the distance was a 0.5 km or so in their youth. At present, there is no other freshwater source for the village and no easy adaptation options to elongate the pipe up river beyond where salt water may intrude. Along with the threat of increased storm intensity, respondents in Shaktoolik perceive the threat of coastal erosion compromising drinking water system as a key vulnerability and puts them at high risk to climate change [59] . The drinking water supply is not threatened by coastal erosion in Savoonga.
Change in the angle of the coastline is also obvious in Shaktoolik with respondents stating that the beach has become noticeably steepened, as one respondent said as she moved her hand across her body parallel to the ground and looking out the window at the beach, "It used to be so flat." The size of the grains of sand in front of Shaktoolik are smaller than 20 years ago as the larger grains and stones have moved southeast they say. Many villagers walk and/or drive on the beach as a form of recreation and travel to hunting, fishing, and gathering sites. Savoonga respondents also told us their beaches have eroded with bedrock showing in parts and beaches becoming narrower making it difficult to moor and unload their boats, and haul in whales. How obvious a category of change is in these villages, therefore, depends in part on how often their activities put them in proximity to the change. In both locations, villagers now travel inland where the beaches are too narrow or sloped, or they abandon those areas where access is no longer available by all-terrain vehicle.
Weather
Accurately interpreting the weather is well documented by anthropologists as a crucial skill for hunting, fishing, and gathering success, cultural standing, and survival in Savoonga [69] and in mainland indigenous cultures, like Shaktoolik, in Alaska [70] . Many respondents and subsequent communications have told us that the weather is not as predictable as it used to be, affecting their subsistence activities. Respondents in both villages tell us about how the timing and duration of temperatures and rain is less predictable. Summers, they say, are now longer and fall weather lasts later in the year. Winters are shorter than they used to be 20 years ago, and long stretches of calm, clear weather is now rare. These changes also affect plant and animal phenology, they tell us, with marine mammal and bird migrations, and plant or berry harvest times being less predictable. Of particular disruption are the changes to marine mammal migrations in Savoonga and fish migrations in Shaktoolik. More frequent and ill-timed rain makes it difficult to dry fish and seal meat. "More rain in the late summer," however, "leads to larger berries," one respondent said, another said "larger plants, that's a bonus." Although not as confident in these facts, villagers say it rains more frequently in the winter and for more days in a row.
Of particular importance, however, are changes to wind patterns. These changes are obvious and disruptive to residents of Savoonga, particularly the hunters who go out on the ocean. Like elsewhere in the Arctic [30] , hunting by boat on the ocean depends on being able to read and predict the wind for safety and hunting success. Elders help in this regard by monitoring weather conditions on a daily basis and communicating this knowledge to younger hunters. In Savoonga, much of this communication transpires at the grocery store where elders sit, drink coffee, and talk with younger hunters who venture in to interact with them about, among other things, hunting strategies. They also communicate over citizens band radio and, increasingly, cell phone. A holistic, culturally rich and defined tradition of watching the weather, including wind patterns, in Savoonga is aided by an expansive and precise vocabulary about weather and ice conditions [14, 69] . Strategic and clever techniques, such as looking at cloud movement, ripples on the ocean surface, or the formation of drifting snow, passed through generations, creates a complex epistemological understanding of wind. It is now obvious in Savoonga that those abilities are not as reliable as before the 1990s when wind patterns, they say, began to change. The prevailing wind direction has changed from N-NE wind in the winter to long bouts of warm, rainy S-SE winds that pushes shorefast ice out and melts snow and ice. Wind patterns now are generally less consistent, changing quickly, and are less predictable, again outstripping the capacity of the elders to help younger hunters. An elder in Savoonga stated that they feel "like children" compared to their elders in being able to predict the weather. A younger hunter said that the elders "are paying more attention" and "are more engaged" due to the increasingly perilous hunting conditions. As Krupnik and Jolly suggest, these perceptions held by the respondents are assessments of change filtered through their particular cultural setting [15] .
Tundra
Changes to the tundra were less obvious than other categories and the least disruptive category of change to respondents in both villages. Tundra sloughing off into the rivers when travelling outside of Shaktoolik is the most obvious element of climate change on the tundra in this region and it is readily apparent when traveling up the rivers. The tundra sloughing into the rivers is more obvious in Shaktoolik since the village is located at the mouth of two rivers and much of their subsistence and recreational activities involves boating up these rivers. Respondents were able to identify the precise stretches of river where this is happening. The main cause is most likely the visible permafrost melting that destabilizes riverbanks, an observation that is consistent with other scientific studies [71] . In Shaktoolik, with expansive view of the landscape, frequent travel on the tundra for hunting birds and caribou (Rangifer tarandus), and use of the Iditarod Trail for transportation, the change on the tundra is more frequently encountered. They tell say that there is less snow on the tundra, which affects salmon berry (Rubus spectabilis) size, and harvest amounts. The rivers are smaller near Savoonga and are encountered frequently, but mainly in brief encounters when crossing on four wheelers, which may explain why permafrost melt on riverbanks is less noticeable there. In both locations, respondents stated that lakes on the tundra are disappearing more frequently, again perhaps from melting permafrost underneath, and that there is less snow on the tundra affecting winter travel by snow machine and disrupting access to hunting sites. These changes were not stated as disruptive in Shaktoolik and only moderately disruptive in Savoonga, mainly as hunting waterfowl locations are changing. On a positive note, dried up lakes make good, flat trails for easier travel on St. Lawrence Island.
Discussion
Consistent with the literature encouraging the inclusion of TEK and adaptation planning [1, 3, 20, 26, 30] , the TEK presented in this paper is useful for adaptation managers in need of documented local impacts for risk assessment. Documenting the exposure and vulnerability in just two locations in the Bering Sea area of Alaska cannot replace village-specific investigations of other villages in the region, but may serve as a baseline for other villages in the region. The TEK presented here, more importantly, assesses the significance of those changes [5, 22, 23] in the impacted communities by sorting and ranking responses in a way that can be useful to managers to prioritize adaptation strategies through a gradient of local perceptions. As in other investigations [11] [12] [13] [14] [15] , the TEK and local observations from Savoonga and Shaktoolik are not impartial observations, but are framed by particular cultural settings including hunting, fishing, and gathering experience; tribal traditions; and varying concerns for security and perceptions of risk. For example, hunters in Savoonga, like their Siberian Yupik ancestors, expect to travel up to 30 km from land to find bowhead whales (Balaena mysticetus), walrus (Odobenus rosmarus), and seals, and have developed traditions such as communication at hunting camp between captains and crew before launching, and communication with elders and family at home via citizens band radio as precautionary measures in case of emergency. When younger hunters are out hunting near the ice pack, elder hunters, who can no longer hunt, listen carefully to hunters communicating via radio for news of a strike, for keeping track of boats and crew, and to launch emergency rescues is necessary. To experienced hunters, what constitutes dangerous conditions is tempered from over-and underreaction to changing climatic conditions by experience. Their perceptions of risk, in other words, are specific to their experience, traditions, and what they know. For these reasons, we conclude that TEK is an appropriate and valuable source of information to access perceptions of risk, and develop accurate climate risk management and adaption plans.
While there are a myriad of ways to assess exposure and vulnerability, the method employed here may be of particular interest to those practitioners working on CBA projects in indigenous villages and who wish to identify climate change risk as it is perceived by the people being affected. This approach is consistent with CBA practitioners who seek to empower high-risk, poor, and marginalized to participate in their own assessment and communicate how they perceive climate change risks [3, 34, 35, 39] . Savoonga and Shaktoolik are poor and marginalized indigenous villages, and Shaktoolik has the additional pressure of being a high-risk community to the impacts of climate change [59] . The intention of the AKSIK project from the outset was to work in rural, isolated Native villages because they are marginalized communities that were significantly affected by climate change, and expected to worsen [1] , and yet were not receiving much attention by decision makers.
This research is similarly challenged by what others doing CBA research have identified. Scaling the findings up to other communities is especially difficult [34] , and in particular it is difficult to scale-up qualitative findings [39] . While the findings differ between Savoonga and Shaktoolik, there is enough commonality between the two villages on the negative impacts of increased storm intensity and their negative effects to assume other villages in the Bering Strait region are equally vulnerable if exposure to these events exists [55] . The increasingly unpredictable weather patterns for other subsistence communities may be similarly exposed and vulnerable. Other ice-obligate communities in the region may also be impacted.
Our questionnaire design, however, can be scaled-up and replicated in other communities in Alaska and perhaps beyond. With more than 170 rural communities in Alaska experiencing erosion [58] and over 30 "imminently threatened" by erosion and flooding [57] , decision makers in Alaska and elsewhere in the Arctic may be interested in our culturally appropriate survey instrument that enables decision makers to prioritize climate change adaptation plans to focus on what specific impacts of climate change in each community. As other investigators have noted about CBA projects [37, 39] , working in these remote villages is time and labor intensive, and costly. Decision makers may choose to train regional entities working on community and economic development to conduct these assessments.
Finally, the CBA approach has difficulty ensuring that community members who participate in the research speak for the community as a whole [35] . Similarly, the findings here pertain to the people who responded to the questionnaire, not the communities as a whole. This challenge reveals the limited capacity for recruiting large sample sizes for questionnaires or surveys in small villages. The quantitative methodology was limited by the sample size; a larger sample size is more preferable if possible so that researchers could utilize inferential statistical methods or more sophisticated statistical models. That being said, many of the villages in Alaska being impacted by climate change have very small populations. In fact, 55% of the villages identified by the General Accounting Office in 2009 as "imminently threatened" with flooding and erosion [57] have populations less than 400 people [72] . More generally, 75% of the settlements in Alaska designated as "places" where census data are kept have populations smaller than Savoonga and 51% have populations smaller than Shaktoolik in 2013 [72] . Similar statistical constraints may confront researchers and decision makers working in these communities and in need of a survey methodology as the one used here.
The qualitative and contextual information compiled in this study also has broader significance. It identifies for others living outside of the Arctic what Native residents there are witnessing and foretells the characteristics of climate change that become apparent and disruptive first, and, as Salick and Ross [73] surmise about traditional peoples and climate change, "may help society at large to cope with the impending changes" (p. 137).
